LoA = 95% limits of agreement, ICC = intraclass correlation coefficient, CL = confidence limit, PCC = posterior corneal curvature (measured in diopters), PCE BFS = posterior corneal elevation best-fit sphere (measured in mm) *Mean difference between the average of five measurements for each individual by each operator.
ith the increasing popularity of refractive surgery, more complications have been encountered. One such complication is corneal ectasia. Early detection of ectatic risk, such as abnormal posterior cornea, could minimize its occurrence. Therefore, careful evaluation of the posterior cornea would be benefi cial for both corneal and refractive surgery. [1] [2] [3] The Orbscan (Bausch & Lomb, Rochester, New York) has been used to evaluate the posterior cornea to diagnose corneal ectatic disease and follow its progression and screen refractive surgery candidates. [4] [5] [6] [7] A number of studies have reported good repeatability and reproducibility of the Orbscan system and have compared this system to several other corneal topographers. [8] [9] [10] [11] [12] [13] The newly introduced Visante Omni (Carl Zeiss Meditec, Jena, Germany) uses anterior segment optical coherence tomography (OCT) combined with a Placido-disk topographer (Atlas topographer). Data from the anterior cornea obtained with the Atlas topographer are combined with global pachymetric data obtained by the Visante OCT. This link between both instruments enables the system to generate posterior corneal topography through corneal vertex alignment. The precision of the posterior corneal construction derived by these combined instruments is important. Tang et al 14 showed the potential of using this combination of OCT and Placido-disk topography for the measurement of total corneal power. However, the repeatability and reproducibility of posterior corneal topography obtained by this new system have not been reported.
The purpose of this study was to evaluate the precision in 
METHODS:
Thirty eyes from 30 healthy volunteers were included in this study. All patients were examined 5 times with the Visante Omni and Orbscan II by 2 independent operators. The posterior corneal curvature (3-and 6-mm zone) and posterior corneal elevation BFS (5-and 8-mm zone) were generated for each system. Intraoperator repeatability and interoperator reproducibility and agreement between the systems were evaluated using the intraclass correlation coeffi cient (ICC) and the Bland-Altman method.
RESULTS:
The repeatability of posterior corneal curvature and posterior corneal elevation BFS measured by the Visante Omni was high for all analysis zones (ICC, 0.99 to 1.00). The reproducibility also showed similar results (ICC, 0.99 to 1.00 
ORBSCAN II
The Orbscan II system version 3.14 was used to measure the participant's eyes. The anterior corneal surface was captured by Placido rings followed by 40 slits scanning the entire cornea. The system measured 9600 points over the cornea, and the system software converted the raw data to anterior and posterior corneal elevations, corneal curvature, and thickness. 15 For posterior corneal elevation BFS, the best-fi t fl oated sphere radii at the 5-and 8-mm diameter zones were recorded by manually changing the fi t zone in the system software. For posterior corneal curvature, the averages of the curvatures at the 3-and 6-mm diameter zones were determined using the statistical analysis area tool in the system software.
VISANTE OMNI
The Atlas corneal topographer (version 3.0) was used fi rst to measure the individual's eye. The measurement comprised 7960 data points of the anterior corneal surface. 16 The participant's information and anterior corneal surface data were automatically transferred to the Visante OCT station by the network link. The individual was moved to the Visante OCT station (software version 3.0) to measure the global pachymetry. The measurement comprised 2048 data points from 16 meridional scans and was aligned with the anterior corneal surface data derived from the Atlas corneal topographer using auto corneal vertex alignment. 16 Five consecutive measurements were done at each station. The construction of posterior corneal elevation and posterior corneal curvature was done by the system software. For the posterior elevation, the BFS at the 5-and 8-mm diameter zones were manually selected and recorded. For the posterior corneal curvature, curvatures at the 3-and 6-mm diameter zones were recorded by the same method.
STATISTICAL ANALYSIS
All measurements obtained from both systems by two operators were recorded. Statistical analysis was done using SPSS software (version 17.0; SPSS Inc, Chicago, Illinois). All data were tested for normality using the Shapiro-Wilks test. A paired t test was used to compare the mean of repeated measurements of the two systems by each operator. Intraoperator repeatability of both operators for each system was calculated using the intraclass correlation coeffi cient (ICC). Interoperator reproducibility was calculated using the same method. Agreement between the two systems was also determined using the ICC. Intraclass correlation coeffi cients Ͼ0.90 are commonly classifi ed as high value. 17 Additional analysis was performed using the Bland-Altman method of 95% limits of agreement (mean of the difference Ϯ1.96ϫstandard deviation) to evaluate the repeatability, reproducibility, and agreement between both systems. 18 For the repeatability test, all fi ve measurements of each operator were used for the ICC and the fi rst and last measurements were used for the BlandAltman method. For the reproducibility test and interinstrument agreement test, the average of fi ve measurements for each operator was used. Sample size was calculated based on agreement between instruments by estimated ICC of 0.90. Confi dence level was set at 95% and range of the confi dence interval for the ICC (upperϪlower) was set at 0.15. A sample size of at least 26 was needed for estimating ICC between instrument measurements. 19 
RESULTS
Thirty eyes from 30 volunteers were included in the study. Mean age was 25.64Ϯ4.45 years (range: 21 to 31 years). The mean refractive error (spherical equivalent) was Ϫ0.41Ϯ0.91 D (range: Ϫ1.00 to ϩ0.50 D). Table 1 shows the measurements from both systems and the correlation between the systems. Comparison between pairs of all measurements except posterior corneal curvature at the 6-mm zone showed statistically signifi cant differences (PϽ.05).
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REPEATABILITY
The ICCs for repeatability of both systems by both operators were high (ICC, 0.99 to 1.00 for both the Visante Omni and Orbscan II) (Appendix, available as supplemental material in the PDF version of this article). The standard deviations were also similar for both operators (Visante Omni: 0.24 to 0.27; Orbscan II: 0.22 to 0.25) ( Table 1 ). The Bland-Altman plots demonstrated that the limits of agreement were similar for both systems by both operators (Figs 1 and 2, available as supplemental material in the PDF version of this article). The mean difference between the fi rst and last measurement by each operator ranged from 0.00 to 0.03 D for posterior corneal curvature and 0.00 to 0.03 mm for posterior corneal elevation BFS.
REPRODUCIBILITY
The ICCs for reproducibility were high for both systems. However, Orbscan had a slightly higher value (Visante Omni: 0.99; Orbscan II: 0.99 to 1.00) ( Table 2 ). The Bland-Altman plots demonstrated that the limits of agreement were slightly narrower with the Orbscan compared to the Visante Omni (Fig 3, available as Precision Analysis of the Visante Omni/Srivannaboon et al 
DISCUSSION
This study demonstrated that the repeatability and reproducibility of posterior corneal topography (posterior corneal curvature and posterior corneal elevation BFS) obtained by the Visante Omni were high. Although some differences existed between the measurements derived from the Visante Omni and Orbscan, the two devices were in good agreement with one another. Due to the lack of a gold standard for the measurement of posterior corneal topography, the accuracy of the system cannot be assessed.
Posterior corneal topography was used to evaluate the performance of the Visante Omni in this study because it was the fi nal result of the combination of the Atlas corneal topographer and Visante OCT. The Atlas topographer constructed the anterior corneal surface using Placido disk, and the pachymetric data obtained by the Visante OCT were registered at the corneal vertex to determine the posterior elevation data. It has been shown that both the Atlas corneal topographer and Visante OCT produce accurate, reproducible, and repeatable measurements. [20] [21] [22] [23] [24] [25] [26] [27] However, these variables are unknown when the two devices are combined. Accurate posterior corneal vault and curvature measurements are critical in keratorefractive surgery and also benefi cial in diagnosing several corneal diseases. Before applying the measurement in a diseased cornea, validation of the posterior corneal data in a normal, healthy cornea is essential. Repeatability and reproducibility tests have been used to validate the precision of several corneal topographers. 7, 10, 11, 13, 22, 23, 25 Therefore, we used the same approach to validate the Visante Omni. We chose to validate posterior corneal curvature at 3 and 6 mm and posterior corneal elevation BFS at the 5-and 8-mm zones because they include the areas used in refractive surgery and are more sensitive to change. [28] [29] [30] The Orbscan II was selected as a reference instrument in this study because it has been compared with several topographers in various studies. [7] [8] [9] [10] [11] [12] Our clinic has been using the Orbscan II for approximately 10 years with good clinical results.
Our study found that the Visante Omni provides good repeatability and reproducibility for both posterior corneal curvature and posterior corneal elevation BFS. Although the ICC and limits of agreement for reproducibility slightly favored the Orbscan II, the mean differences were minimal for both systems. There are several explanations for this fi nding. First, the Visante Omni requires two separate stations (Atlas corneal topographer and Visante OCT). The operator needs to perform the measurement twice in one eye to achieve the posterior corneal data. Second, the time required to Precision Analysis of the Visante Omni/Srivannaboon et al fi nish the examination by the Visante Omni is longer than that required for the Orbscan II. Furthermore, the operators are more familiar with the Orbscan II than the Visante Omni. These issues could have some impact on interoperator reproducibility. The agreement between both systems was high for both posterior corneal elevation BFS and posterior corneal curvature in this study. However, the mean differences of posterior corneal elevation BFS were higher than we expected (0.27 for 8 mm and 0.49 mm for 5 mm). The Visante Omni provided signifi cantly fl atter posterior corneal elevation BFS than the Orbscan II. Fam and Lim 31 reported that the average posterior corneal elevation BFS by Orbscan II in normal individuals is 52.39 D, which is equivalent to 6.44 mm using the keratometric index of 1.3375 as a conversion factor (Orbscan's default setting). 32 Our results for Orbscan were similar. However, the Visante Omni provided a slightly different posterior corneal elevation BFS. It is important to establish the difference in posterior corneal elevation BFS automatically generated from both systems. A direct comparison of elevation data between both systems cannot be done because the differences in the radii of curvatures of BFS. This difference could be a result of the different measurement methods used between both systems. For the posterior corneal surface, the Orbscan uses the slit-scanning technology to detect the posterior edge of the corneal image obtained from the digital photograph. 33 Contrary to this, the Visante Omni uses OCT to measure the thickness of the cornea and subtracts the pachymetric data from the anterior corneal surface (derived from the Atlas topographer) to achieve the posterior corneal surface. 16 Although the measurements between both systems differed, they were well correlated. Correction factors can be calculated to adjust for the difference.
One of the interesting fi ndings in this study was that only posterior corneal curvature in the 6-mm zone showed no statistically signifi cant difference between both systems. This fi nding can be explained by the fact that there is less data acquisition in the peripheral cornea than the central cornea for both systems. The Orbscan has more overlapping of vertical projected slits in the central 4-mm region. 13 Visante OCT performs scanning in the meridional direction in which more data per area can be obtained centrally than peripherally. Thus, more interpolation of data will be required when analyzing the larger zone. This can decrease the resolution of the measurement in a larger zone to a level such that no difference is detected between both systems. This study may be limited by the small number of eyes; however, the sample size calculation showed an adequate number of participants. These results should be corroborated with results obtained in a larger sample size.
Our results suggest that the Visante Omni provides good repeatability and reproducibility in posterior corneal evaluation for both curvature and elevation data in normal, healthy eyes; however, a larger sample size is needed to validate these results. 
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